Duodenal polyps are a rare finding in patients presenting for gastroscopy, being found in 0.3-4.6% of cases. The majority of patients are asymptomatic. The most common lesions necessitating removal are duodenal adenomas which should be differentiated from other mucosal lesions such as ectopic gastric mucosa, and submucosal lesions such as carcinoids and gastrointestinal stromal tumours (GISTs). Adenomas can occur sporadically or as part of a polyposis syndrome. Both groups carry malignant potential but this is higher in patients with a polyposis syndrome. The majority of sporadic duodenal adenomas are flat or sessile and occur in the second part of the duodenum. Historically duodenal adenomas have been managed by radical surgery, which carried significant mortality and morbidity, or more conservative local surgical excision which resulted in high local recurrence rates. There is growing evidence for the use of endoscopic mucosal resection (EMR) techniques for treatment of sporadic nonampullary duodenal adenomas, with good outcomes and low complication rates. Endoscopic submucosal dissection (ESD) carries greater risk of complications and should be reserved for experts in this technique. Patients with sporadic duodenal adenomas carry an increased risk of colonic neoplasia and should be offered colonoscopy. The impact of endoscopic resection on the course of polyposis syndromes such as familial adenomatous polyposis (FAP) needs further study.
Introduction
Duodenal polyps are reported in 0.3-4.6% of patients attending for upper gastrointestinal endoscopy [Ghazi et al. 1984; Hochter et al. 1984; Jepsen et al. 1994; Reddy et al. 1981 ]. Management of these polyps is dependent on symptoms, histopathology and endoscopic features. This review focuses on the endoscopic management of nonampullary duodenal polyps and in particular duodenal adenomas.
Historically duodenal adenomas have been managed by radical surgery or more conservative local surgical excision. However, these approaches have carried significant morbidity and mortality risks, plus a high recurrence rate following local excision. For these reasons, endoscopic management of duodenal adenomas has become increasingly popular. However there is a lack of published evidence regarding the optimal endoscopic management of duodenal polyps, both sporadic and in those associated with a polyposis syndrome. Small case series show promising but variable results of endoscopic management. A recent UK National Institute for Health and Clinical Excellence (NICE) identified the lack of data in this field [NICE, 2010] Endoscopic treatment of duodenal polyps provides a challenge both in terms of accurate diagnosis, staging and endoscopic resection in the presence of the thin duodenal wall and rich vascularity. However, an endoscopic approach offers considerable advantages in terms of organ preservation, risks, recovery and length of hospital stay.
The aim of this article is to review the available literature on endoscopic resection of duodenal polyps and highlight the advantages and disadvantages of an endoscopic approach.
Types of duodenal polyps
A variety of lesions can be found in the duodenum on endoscopic examination. These lesions can be distinguished based on endoscopic appearance, endoscopic ultrasound (EUS) and histology. Biopsy is recommended to determine histology and thus guide management.
Submucosal lesions
Inflammatory fibroid polyps are a rare finding in the duodenum, being much more common in the stomach [Wysocki et al. 2007 ]. They are usually submucosal which makes accurate endoscopic diagnosis difficult as histopathology is rarely diagnostic. Use of EUS may aid diagnosis prior to resection. If small and asymptomatic these lesions can be left alone. However polyps up to 12.5 cm in size have been reported and large symptomatic lesions warrant removal [Ott et al. 1980] . Carcinoid tumours of the duodenum are rare, accounting for less than 5% of all carcinoids. They arise from the submucosa and hence biopsies can be nondiagnostic. In a case series of 27 lesions, 59% were found in the first part of the duodenum [Zyromski et al. 2001] . Data on endoscopic resection of carcinoid tumours is limited to very small case series. Endoscopic resection is feasible for carcinoids <1 cm and possibly up to 2 cm in diameter. EUS assessment is required prior to resection to ensure that the lesion does not involve the muscularis propria [Ahmad et al. 2002; Dalenback and Havel, 2004; Karagiannis et al. 2009; Pungpapong et al. 2006; Shim and Jung, 2005; Urso et al. 2007; Zyromski et al. 2001] . The risk of perforation and bleeding can be high due to the submucosal origin of carcinoids, plus the rich vascular supply and thin wall of the duodenum. Therefore, resection of carcinoids in the duodenum should be reserved for experts working in high-volume centres with experience of performing endoscopic mucosal resection (EMR) in the duodenum.
Solitary Peutz-Jeghers-type polyps can be found in the duodenum in the absence of Peutz-Jeghers syndrome although there are only a handful of case reports. These lesions have been described as having a lobular or nodular surface, whitish colour and whitish spots on the surface. Endoscopic removal is indicated as there is a small risk of malignant transformation [Suzuki et al. 2008] .
Gastrointestinal stromal tumours (GISTs) are submucosal tumours and cannot be diagnosed by standard endoscopy or biopsy. EUS is key in confirming the diagnosis and determining the layer of origin. Those arising from the muscularis mucosae can potentially be removed by EMR but the majority will require surgery. GISTs of the duodenum are less common than gastric GISTs but more likely to be symptomatic [Miki et al. 2010 ]. Prognosis of duodenal GISTs compared with gastric GISTs is debatable with some authors suggesting recurrence after resection may be more frequent, whilst others report a more favourable prognosis [Miki et al. 2010; Yang et al. 2009 ].
Mucosal lesions
Gastric heterotopia is most commonly found as multiple small polyps in the duodenal bulb as reported by Jepsen and colleagues [Jepsen et al. 1994 ]. However, other retrospective studies of duodenal polyps report no cases of gastric heterotopias, raising the possibility that as a relatively common finding, these lesions may not be reported by many endoscopists. They have no malignant potential or clinical significance and do not require any endoscopic treatment.
Brunner's gland tumours are extremely rare with a prevalence of less than 1 in 10,000 in an autopsy series [Osborne et al. 1973 ]. These lesions are predominately found in the duodenal bulb and small polyps are usually asymptomatic. They usually follow a benign course but dysplasia and malignancy have occasionally been reported. Larger polyps tend to be pedunculated and can present with upper gastrointestinal haemorrhage requiring endoscopic intervention [Mukherjee et al. 1999; Walden and Marcon, 1998 ].
Duodenal adenomas
Rarer duodenal tumours such as those described so far only constitute a small minority of the lesions for which duodenal endoscopic resection is indicated. The bulk of experience in this area is in the treatment of duodenal adenomas. Duodenal adenomas have malignant potential in a similar fashion to colonic adenomas [Sellner, 1990; Spigelman et al. 1994] . This is the case both in patients with polyposis syndromes such as familial adenomatous polyposis (FAP) and also in those with sporadic duodenal adenomas (SDAs). The risk of carcinoma is greater in ampullary adenomas compared with nonampullary, and increases with the size of adenoma [Eswaran et al. 2006; Perzin and Bridge, 1981] .
Historical series of surgical resection specimens show the majority of patients to be symptomatic, usually presenting with advanced lesions [Perzin and Bridge, 1981; Sellner, 1990] . With the increasingly widespread use of endoscopy over the past few decades, duodenal adenomas are being detected at an earlier and often asymptomatic stage. Recent series of endoscopically managed duodenal polyps report 66-80% of patients to be asymptomatic at the time of diagnosis [Abbass et al. 2010; Alexander et al. 2009; Perez et al. 2003; Takahashi et al. 2009 ]. However, all adenomas carry a risk of malignant potential, so depending on the patient's fitness and life expectancy, resection of adenomas should be considered.
Duodenal adenomas in familial adenomatous polyposis
Duodenal adenomas occur in up to 90% of patients with FAP, most commonly at the ampulla, peri-ampullary region or distal duodenum, which is thought to be in part due to the exposure of the duodenal mucosa to bile in a predisposed patient [Bulow et al. 2004; Gallagher et al. 2006; Spigelman et al. 1989 ]. The lifetime risk of duodenal cancer in patients with FAP is estimated to be 3-5% [Bulow et al. 2004; Groves et al. 2002; Lepisto et al. 2009; Vasen et al. 1997 ]. Duodenal cancer and desmoids tumours are now the main cause of death in patients with FAP, rather than colorectal cancer [Arvanitis et al. 1990; Spigelman et al. 1989 ]. A staging system for assessing the severity of the duodenal polyp burden was developed by Spigelman and colleagues (see Table 1 ). This has been used to assess the duodenal polyp burden in patients with FAP and predict the risk of developing duodenal cancer.
The risk of developing duodenal cancer is greatest for patients with stage IV disease, with rates of 7-36% described over follow-up periods of 7.6-10 years [Bulow et al. 2004; Groves et al. 2002] . This risk is confirmed in studies of duodenal resection specimens of patients with stage IV disease which revealed unsuspected cancer in 28-31% of cases [Gallagher et al. 2004; Penna et al. 1998 ]. In comparison the risk of developing duodenal cancer in stage 0-III disease over a similar period is low at 0.7% [Bulow et al. 2004 ]. Progression to higher stages occurs over time with one study showing 15% of patients progressing from stages 0-III to stage IV disease over a period of 8 years [Bulow et al. 2004 ]. The risk of developing stage IV disease by age 70 is estimated to be between 20% and 50% [Bjork et al. 2001; Bulow et al. 2004; Heiskanen et al. 1999] .
There is evidence that use of nonsteroidal antiinflammatory drugs (NSAIDs) may reduce progression and even cause regression of small adenoma . These potential advantages need to be balanced against potential cardiovascular and renal side effects and the risk of gastrointestinal bleeding.
Surgical management involves duodenectomy with or without preservation of the pancreas and pylorus. This carries significant morbidity and mortality risks, greater than those for non-FAP patients undergoing similar surgery [Gallagher et al. 2004; Ruo et al. 2002] . This may be related to increased complexity of surgery due to previous prophylactic colectomy and the presence of desmoids tumours in patients with Gardener's syndrome. Surgical duodenotomy and polypectomy has proven ineffective with high rates of recurrence [Penna et al. 1998 ].
Surveillance of duodenal familial adenomatous polyposis
In view of this high risk of duodenal cancer in patients with advanced duodenal polyposis, upper gastrointestinal endoscopic surveillance has been proposed, with examinations beginning from age 25-30 [Cairns et al. 2010; Gallagher et al. 2006 ]. Forward and side viewing endoscopes should be used to provide adequate visualization of all the duodenal mucosa [Bulow et al. 2004; Groves et al. 2002] . Recent studies have shown that the use of Stage 0 = 0 points; stage I = 1-4 points; stage II = 5-6 points; stage III = 7-8 points; stage IV = 9-12 points.
indigocarmine chromoendoscopy leads to greater numbers of duodenal adenomas being detected in patients with FAP and an upgrading of the Spigelman stage in 12% of patients [Dekker et al. 2009; Picasso et al. 2007 ]. Patients with no visible polyps detected have been shown to have adenomatous tissue on random biopsies in up to 7.6% of cases. However, this approach may no longer be necessary with the more widespread use of chromoendoscopy and electronic-imaging techniques such as NBI (Narrow Band Imaging), FICE (Flexible Spectral Imaging Colour Enhancement) and iScan enhancing pickup of small adenomas. The frequency of endoscopic examinations is determined by the Spigelman stage, with a shorter duration between examinations for more advanced stages, the aim being to detect stage IV disease before duodenal or ampullary cancer has developed. Patients with stage 0 or I disease receive repeat surveillance endoscopy after 5 years, those with stage II disease after 3 years and those with stage III disease every 1-2 years. Patients found to have stage IV disease should be referred to a pancreato-biliary surgeon for consideration of prophylactic duodenectomy [Groves et al. 2002] . There is a fair degree of agreement in published recommendations regarding the frequency of endoscopic surveillance in patients of a specific Spigelman stage. Recommendations differ slightly in the use of imaging, chemoprophylaxis and endoscopic intervention; see Table 2 Endoscopic treatment Duodenal surveillance in this group of patients has not been proven to improve survival. A decision analysis study suggested only a modest benefit in terms of life expectancy [Vasen et al. 1997 ].
Optimum management of patients with lesser stages of disease has yet to be determined. The advent of EMR has led to a new potential therapeutic option for large flat duodenal polyps in FAP. This has been proposed for patients with stage II and III disease [Groves et al. 2002] and in a small series has been shown to downstage disease in a proportion of patients, but with a significant complication rate of 24% [Gallagher et al. 2006 ]. At present it is not clear whether endoscopic intervention significantly alters the course of the disease, or improves survival or quality of life in patients with a significant duodenal polyp burden. However, it is our current practice to endoscopically resect all large duodenal adenomas in patients with FAP unless there is suspicion of advanced histology and submucosal invasion.
Other endoscopic options include argon plasma coagulation (APC), photodynamic therapy (PDT) and thermal ablation. In our view APC is the only other modality which has a role, when used for eradication of tiny adenomas less than 5 mm in size, which are often very numerous. Until more data is available, endoscopic treatment should be individualized based on the patient's overall polyp burden, size and location of polyps, comorbidities and patient preferences. Further studies are needed in this area to determine the impact of endoscopic intervention on the course of duodenal disease in FAP.
Sporadic duodenal adenomas
Background Nonampullary SDAs are those which arise in patients without a known polyposis syndrome. They are usually solitary and the majority are sessile or flat rather than pedunculated [Ahmad et al. 2002; Apel et al. 2005; Honda et al. 2009; Kedia Around 80-94% of SDAs are found in the second part of the duodenum with mean size in various series ranging from 13 to 29 mm [Alexander et al. 2009; Apel et al. 2005; Honda et al. 2009; Kim et al. 2010; Lepilliez et al. 2008] . Contrast radiography is unreliable in detecting duodenal adenomas, because of the flat or sessile nature of the majority of lesions, and the vast majority are detected during upper gastrointestinal endoscopy. These morphological features plus their tendency to grow along folds means that duodenal adenomas can be more difficult to detect than colonic adenomas and may be missed by the untrained eye (Figures 1 and 3) . Whilst the risk of malignant transformation of SDAs is lower than that of duodenal adenomas in patients in FAP, these lesions do carry malignant potential and removal is recommended. Historical case series of surgically resected adenomas in symptomatic patients show cancer prevalence rates in the resected polyps of between 33% and 47%. The risk of carcinomatous change in an asymptomatic group with duodenal adenomas detected at endoscopy is harder to quantify, but is likely to be far lower [Galandiuk et al. 1988; Jepsen et al. 1994; Miller et al. 1980; Sellner, 1990; Witteman et al. 1993 ].
Treatment strategies involve radical surgical resection of the duodenum such as Whipple's pancreatectomy, pylorus preserving pancreatectomy (PPP) or pylorus and pancreas preserving duodenectomy (PPPD). These procedures carry a mortality risk of 1-6.4% and morbidity risk of 37-41% [Cameron et al. 2006; Mukherjee et al. 2009 ].
Local surgery involving duodenotomy and local excision or wedge excision have shown high rates of recurrence and still carry significant operative risk and is not currently practised by most surgeons [Galandiuk et al. 1988; Haglund et al. 1985 ]. This has led to a surge in endoscopic assessment and resection of duodenal adenomas.
Endoscopic assessment
The principles of EMR at other sites apply equally to duodenal adenomas. The lesion is first carefully assessed to determine size, involvement of mucosal folds and proportion of the circumference of the duodenal lumen involved. The relationship of the adenoma to the Ampulla of Vater should be determined, using a side-viewing endoscope. Delineating the borders of the adenoma may be aided by the use of chromoendoscopy. Intravenous glucagon or hyoscine should be given during assessment or resection to limit duodenal peristalsis and improve the view and access to the lesion.
Careful evaluation is required before planning any endoscopic intervention. Endoscopic assessment should focus on endoscopic resectability of the lesion and detection of any features which may predict submucosal invasion and hence make endoscopic treatment unsuitable. Features which suggest higher risk of submucosal invasion include a depressed element (IIc component of the Paris classification), type 5 Kudo's pit pattern, surface bleeding, ulceration, induration or the nonlifting sign when submucosal injection is attempted. Hirasawa and colleagues reviewed the Japanese literature regarding the size of duodenal adenomas, Paris Classification (Paris Workshop 2003) and risk of lymph node metastases [Hirasawa et al. 1997 ]. They concluded that endoscopic resection could be performed on lesions with a depressed element (Paris IIc, IIc + IIa or IIa + IIc) up to 10 mm in diameter and on nondepressed adenomas up to 50 mm diameter as the risk of invasive malignancy in these groups was very low. It should be noted that these studies, performed by Japanese experts, relied on very accurate assessment of surface patterns (Kudo's) and lesion morphology which may not translate to a Western setting. There are case reports of lesions up to 80 mm without evidence of invasive disease and in our centre we have treated similar sized lesions which have proven benign. However, the risks of EMR increase with the size of lesion [Hirasawa et al. 1997 ].
The role of EUS in the assessment of SDAs has not been determined. However, it is our practice to perform EUS/CT in lesions >20 mm diameter, excluding any invasive element prior to endoscopic resection. This is not evidence based and there is a need for further studies to evaluate the role of EUS in assessment of duodenal adenomas.
Endoscopic resection
Endoscopic resection is an established technique for treatment of large adenomas in the colon and precancerous lesion and early cancers in the oesophagus and stomach. To date only a few small series reporting endoscopic resection of SDAs have been published.
As most duodenal adenomas have a flat or sessile morphology, a submucosal injection of lifting solution is performed, raising the lesion on a cushion of submucosal fluid which separates the mucosal and muscle layers. Several different fluid bases for lifting solution have been studied but those in widest use are 0.9% saline, gelofusin, glycerol and hyaluronic acid. There is evidence that hypertonic fluids provide better and longer-lasting lift than 0.9% saline [Uraoka et al. 2009 ]. The addition of adrenaline (epinephrine) to the solution can prevent early bleeding, giving a clearer field of view, and has been used in several series. The use of indigocarmine in the mixture stains the submucosa blue helping delineate the submucosal layer from the underlying muscle layer [Alexander et al. 2009; Honda et al. 2009; Kedia et al. 2010; Takahashi et al. 2009 ]. Endoscopic resection without preinjection of submucosal lifting solution may lead to incomplete resection of adenomatous material resulting in higher rates of recurrence [Apel et al. 2005] . The thin duodenal wall makes the risk of perforation high and prior submucosal injection should reduce this risk.
Once sufficient lift has been achieved the majority of published series used a snare technique to perform EMR. This enables lesions up to approximately 20 mm in diameter to be resected in a single piece. For lesions larger than 20 mm piecemeal resection is likely to be required [Alexander et al. 2009; Kedia et al. 2010] . When contemplating a piecemeal resection the endoscopist must have a clear plan of action for a systematic resection, working from one side of the lesion to the other, without leaving any islands of adenomatous tissue in the EMR base. Modified cutting current such as Endocut Effect 2 (blended current) should be used, rather than coagulation current, to reduce the risk of perforation. APC can be used as an adjunct to ablate any tiny islands of residual adenomatous tissue at the edges of the EMR base. In our practice we also use clips to close the EMR base after resection (see Figure 2 ). The combination of these techniques seems to reduce the risk of late bleeding following duodenal EMR, although evidence for this is limited [Lepilliez et al. 2008 ].
Published success rates of EMR for complete removal of duodenal adenomas range from 79% to 100%. Of 6 series with specific data for EMR of nonampullary duodenal adenomas a total of 126 of 139 adenomas were successfully treated endoscopically, giving an overall success rate of 92% (see Table 3 ). In the studies that reported the number of EMR sessions required to achieve complete resection, 80% of cases were completed in a single EMR session, 17% in two sessions and the remaining 3% in three sessions. The intention of the endoscopist should always be to resect the whole lesion in one attempt as the risk of complications rises with each further attempt at EMR.
Kedia and colleagues studied the relationship between the size of lesion, percentage of luminal circumference involved and success rate of EMR [Kedia et al. 2010] . A success rate of 94.7% was achieved for lesions involving <25% of luminal circumference compared to 45.5% in those involving 25-50% of the circumference and 0% success in those involving >50%. Maximum lesion diameter was not significantly associated with failure to complete resection but there was a trend towards failure in larger lesions which may have reached statistical significance in a larger series.
In those series reporting complication rates specifically for EMR of adenomas, perforation occurred once in 155 endoscopic resection procedures (0.6%); this case required surgical intervention. In addition there was one case of serositis with a normal CT scan which was managed conservatively. Fourteen procedural bleeds occurred during 155 EMR sessions (9.0%), all of which were successfully managed endoscopically with either clipping, APC or adrenaline injection. None of these procedural bleeds required transfusion. Because there is no standard definition of procedural bleeding it is difficult to assess whether these reported bleeds were all of similar severity, or clinically significant. Six cases of delayed bleeding occurred (3.9% of procedures), all successfully managed endoscopically. Two of these six cases required blood transfusion [Alexander et al. 2009; Apel et al. 2005; Hirasawa et al. 1997; Kedia et al. 2010; Lepilliez et al. 2008] . Minor bleeding during EMR is common and can easily be controlled. Owing to the thin duodenal wall, special care should be taken to minimize current delivery to reduce the subsequent risk of perforation. A bipolar device is preferable to monopolar. The overall complication rate was 13.9% in 155 EMR procedures performed for duodenal adenomas.
Following successful eradication of nonampullary SDAs most authors recommend a follow-up endoscopy at 3-6 months to check for recurrence, followed by further endoscopies at intervals of 6-12 months. This may be influenced by the degree of dysplasia in the original lesion [Ahmad et al. 2002] . Our standard practice is to perform a repeat endoscopy at 3 months and if no evidence of residual adenoma is found, arrange annual endoscopies for 3-5 years.
Reported recurrence rates vary greatly from 0% to 36%. Leppiliez and colleagues reported no cases of recurrence although mean follow up in this series was only 15 months and 42% of patients had only had one follow-up endoscopy [Leppiliez et al. 2008 ]. Kim and colleagues also had 0% recurrence after mean 29 months follow up [Kim et al. 2010] . Conversely Abbass and colleagues reported 36% recurrence of adenomatous lesions after a mean follow up of 26 months, and noted a greater recurrence rate of 63% in lesions >2 cm in diameter [Abbass et al. 2010 ]. Alexander and colleagues reported recurrence in 25% of cases with up-to-date follow up [Alexander et al. 2009 ]. All of these were successfully retreated with either snare resection or APC ablation. In a study by Apel and colleagues recurrence occurred in 5 of 17 cases (29%) with 2 of 5 being successfully retreated [Apel et al. 2005] . Overall mean recurrence for those series that provided clear data was 19.9%. These high recurrence rates highlight the need for meticulous removal or ablation of all adenomatous tissue during the initial treatment phase and careful follow up to detect and treat early recurrence.
Argon plasma coagulation APC as a sole treatment for sessile or flat duodenal adenomas has been studied in one series of 15 patients. Initial treatment was successful in 13 of 15 cases (87%). Of those successfully treated, the recurrence rate was 39% over a mean follow up of 40 months, with 4 of 5 recurrences being successfully retreated. No patients developed duodenal adenocarcinoma, however these success rates do not appear comparable to endoscopic resection [Lienert and Bagshaw, 2007] . Use of the Nd:YAG laser is the duodenum is not recommended as the potential for deep thermal injury risks duodenal perforation [van Stolk et al. 1987] . APC is now primarily used as an adjunct to EMR to reduce the risk of recurrence and we would support its use in this context, rather than as a primary treatment modality.
Endoscopic submucosal dissection ESD involves a submucosal injection to lift the lesion in a similar fashion to EMR. A mucosal incision is then made using an electrosurgical knife and the submucosal plane meticulously dissected to remove the lesion en bloc. The advantages of ESD over conventional EMR are the higher rates of en bloc resection but at the cost of higher risk of perforation and increased procedure duration. Two series have described the use of ESD for the treatment of duodenal adenomas and early duodenal cancers, showing excellent success rates. High rates of en bloc resection were achieved, aiding histopathological staging [Honda et al. 2009; Takahashi et al. 2009 ]. However the complication rate of ESD is greater than EMR with perforation occurring in 4 of 13 ESD cases (31%) and late bleeding in 2 of 13 (15%). Owing to these risks this approach is only suitable for those with advanced experience in ESD. The endoscopist should have sufficient experience of performing ESD in other locations such as stomach and colon before attempting duodenal ESD as the risks and consequences of complications are very serious. We would recommend that this is only performed in a research setting.
Histology of resected specimen
Precise histological examination of the resection specimen is required to determine the degree of dysplasia, and assess for any evidence of invasion. In comparison to early cancers of the stomach and colon, little data is available regarding the risk of lymph node metastases in early duodenal cancer. It appears that intramucosal cancer carries a very low risk of lymph node involvement provided that there are no other adverse histological features, namely poorly differentiated carcinoma, signet ring type or lymphovascular invasion. In lesions with submucosal invasion (sm1 to sm3) the risk appears to be at least 5% [Friedrich-Rust and Ell, 2005; Hirasawa et al. 1997; Nagatani et al. 1993; Witteman et al. 1993] . Therefore, those patients found to have submucosal invasion should be considered for radical surgery. This emphasizes the importance of specimen retrieval. It is quite easy for the resected specimen to be lost down the distal small bowel during endoscopic resection of duodenal adenomas. It is our standard practice to move resected tissue fragments to the stomach before resecting further portions of adenoma, thus reducing the risk of lost specimens.
Risk of colorectal adenomas
Nonampullary SDAs have been linked with an increased risk of colorectal neoplasia. Apel and colleagues found that 16 of 22 patients (72.7%) with a sporadic duodenal adenoma had colorectal adenomas detected at colonoscopy [Apel et al. 2004] . A retrospective case-control study by Murray and colleagues found colorectal neoplasia in 56% of patients with a duodenal adenoma versus 33% in controls without a duodenal adenoma (p = 0.03) [Murray et al. 2004 ]. There was a nonsignificant increase in advanced colorectal neoplasia (38% versus 19%) and colorectal cancer (21% versus 8%). In a similar study by Pequin and colleagues, overall rates of neoplasia were not significantly different between patients with duodenal adenomas and controls without duodenal adenomas (37.1% and 25.7%, respectively) [Pequin et al. 2007 ]. However, the risk of advanced neoplasia or advanced adenoma were significantly increased (28.6% versus 4.3% and 22.9% versus 2.9%, respectively). In view of these results, all patients found to have a sporadic duodenal adenoma should be offered colonoscopy to screen for colorectal neoplasia.
Conclusions
Differentiating duodenal adenomas from other types of duodenal polyp, both mucosal and submucosal is crucial to allow optimum management. The evidence base for endoscopic resection of duodenal adenomas is limited, but promising results and good outcomes have been achieved by experts in these techniques. Further data is required to guide future management of duodenal adenomas. 
